Observations across the continental shelf offshore from New Jersey in late summer 1976 show an intrusion of saline water at the mid level of the water column across the shelf edge front, which appears in density only as an offshore thickening of the pycnocline. This internal density field produces horizontal pressure gradient forces within the pycnocline in the onshore direction. These forces, in the linearized equation of motion with a constant eddy viscosity, drive a circulation which resembles a double Ekman spiral for internal pressure vertical distributions which are thin with respect to the Ekman depth. For thick pressure distributions, the circulation is geostrophic. The resulting flow pattern has no net crossshelf transport. For the continental shelf edge in the example, a northward geostrophic mid-level jet is predicted by the theory. Ekman depth, and thus the vertical coefficient of eddy viscosity, can be determined from hydrographic data describing an intrusion.
INTRODUCTION
The east coast of the United States north of Cape Hatteras is characterized by a broad, shallow continental shelf, over which an identifiable water mass called shelf water forms [Bigelow, 1933] . At the seaward edge of the shelf, the ocean depth increases abruptly by a factor of 10. Nearly coincident with this depth increase, a water mass boundary is observed between the shelf water, freshened by runoff, and the saltier slope water. Often this boundary, the shelf edge front, is density compensating, the horizontal temperature and salinity gradients having compensating effects on density so that isotances in temperature-salinity space while maintaining a monotonic increase in density. These patterns, usually associated with the shelf edge front, have been reported along the North American east coast off the Scotian Shelf [Horne, 1978] [Curtin, 1979] . The mid-level intrusions thus appear to occur at times along the entire shelf edge front during the stratified season.
In the northern part of the Middle •tlantic Bight, particupycnals through the front are relatively level. During the warm season of the year, this density compensating condition ß larly in the spring, the shelf edge front is evident in density cross sections as well as temperature and salinity patterns. Exis often met even though a substantial summer thermocline forms on both sides of the front. On occasion, fresh water from the shelf is found in mid-level lenses on the seaward side, and slope water is found on the landward side of the front. The purpose of this paper is to report observations of this cross-frontal exchange in the Middle Atlantic Bight, to present a hypothesis concerning one cause of the exchange, and to examine some consequences of the hypothesis. Boicourt and Hacker [1976] have shown an exdicate that the anomalous water parcels can appear to be con-tensive density balanced salinity intrusion crossing much of tinuous with their sources or detached, as observed in a by-the shelf. They interpret the intrusion as a compensatory flow drographic section. In all instances, the presence of these in response to offshore Ekman transport caused by strong parcels is indicated by a specific pattern of temperature-salin-southerly winds. In summary, cross-frontal intrusions are asity correlation at a vertical station. The pattern consists of a sociated with a variety of density structures from steeply slopsequence of zigzag lines which traverse relatively large dis-ing density fronts with few isopycnals crossing the front to- 
HYPOTHESIS
Shelf mixing processes produce a density field which in turn produces a mid-level onshore-directed relative pressure gradient force. This force drives a relative motion governed by friction and Coriolis acceleration. The shelf mixing processes produce a nearly two-layer density structure over the shelf. At the Middle Atlantic Bight shelf edge, the layers are the surface mixed layer and the cold pool. The region between these layers is quite thin. Observed pycnoclines less than 10 m thick are common in the mid-shelf region during the summer. The hypothesized sheff mixing processes are absent or less effective in the vertically less confined deep water offshore from the sheff edge. Hence the pycnocline is thicker offshore. Offshore thickening of the summer pycnocline is also frequently observed. Under hydrostatic conditions, this density structure implies a relative horizontal onshore-directed force at the mid level in the region of transition between the two pycnocline Figure 4d ) is directed onshore at only the mid levels of the water column. In the next section, the motion driven by this pressure gradient force is assumed to be governed, to a farst approximation, by steady rotational horizontal flow with vertical frictional shear stresses, i.e., Ekman dynamics.
MATHEMATICAL FORMULATION
The assumption is made that the adjustment time of the flow to the pressure field is much shorter than the time required to change the pressure field due to the rearrangement of mass as a consequence of the flow. Under these conditions, the flow field is nearly described as a steady state balance with an unchanging density field, and so the pressure field associated with the density field can be considered as an external force. Following Hidaka [1955] 
T = w(z) dz = • h(y)G(z -y) dy dz Changing the order of integration gives T = • h(y) G(z-y) dz dy (11)
With a translation of variables, the inner integral becomes the transport for the Green's function velocity, which has zero real (onshore) part so the outer integral will also have zero net onshore transport. Thus, the flow for an arbitrary onshore pressure gradient limited to mid depth can cause cross-shelf exchange of water, but not net cross-shelf transport. For a pressure gradient force remaining nearly constant over a depth range much larger than the Ekman depth, the governing equations (equations (1)) reduce to the geostrophic balance, as the z derivative term becomes negligible. The solution of the equations also reduces to the geostrophic velocity in such a region, verified by integrating (7) with a vertically constant h and substituting into the solution form. Thus, with a thick layer of driving force, an interior geostrophic region is produced with flow in the alongshore direction. For the east coast of the United States, this geostrophic, mid-level flow would be toward the north for an onshore pressure gradient force, corresponding to a pycnocline thickening offshore. The net transport due to a general onshore pressure gradient force is also directed alongshore. This can be seen by integrating (7) 
